It can be assumed that the stresses induced in the body are markedly reduced by the acquisition of skill. One component of skill in manual handling is the ability to give the body monwztum and then transfer the momentum rapidly to the load. This is the principle underlying the technique for overturning a full oil drum. The pattern for such actions is for the body to acquire momentum relatively slowly, and then transfer it suddenly to the external object which is thereby jerked into motion. The transfer may involve relatively rapid stretching of some muscles: and for brief periods while being stretched the tension developed by the muscles may exceed the tension produced during maximal isometric tension by a factor of 2 or more (Arnott & Grieve 1969 , Grieve 1970 . In overturning the oil drum this probably applies to the muscles of the shoulder, and when lifting from a stooping posture, to the lumbar musculature and hip extensors.
The physical stress, expressed as the force per unit area or in a specific part, cannot readily be estimated even with comprehensive cine-analysis and precise measurement of the forces exerted across a whole section of the body. This problem exists, for example, when estimating spinal stresses from the forces that are known to be transmitted by the whole trunk. Electromyography of truncal muscles will give some indication of the time course of their activity. However, one physiological variable, the intra-abdominal pressure, is associated more closely with truncal stress.
The effect of increases in intra-abdominal pressure is to reduce the spinal stresses induced during extensor activities (Davis 1956 , Bartelink 1957 , Davis 1959 a, b, Morris et al. 1961 , Davis & Troup 1964 , the magnitude of the increase being proporional to the torque on the trunk during lifng and otheractivities (Davis, Whitney, Troup & Gear 1964, unpublished) . With this technique, it is possible to compare the physical stresses involve in different methods of performing a speific task (Davis & Troup 1966) , provided adequate numbers of subjects are studied.
T1ere are no easy technical solutions to the probelons of assessing physical stress at work. The chosen method will vary with the nature of the problems to be solved. Physical assessments begin with visual observations in t-he field and may be followed by recording the actions on film or, if spnal stresses are the point of interest, by measurements of intra-abdominal pressure. Comprehensive analyses of stress are only possible in a laboratory, and with the present knowledge and experience of the subject such analyses are esseanti;l to in*ate the most relevant observations to be made in the field and for the development of suitable methods of measurement. The Effect ofWalking Speed on the Force Actions Trnsmitted at the HIp and Knee Joints There are three basic mechanical aspecs associated with human locomotion: (1) Load bearing by the legs. (2) Energy consumption. (3) Mainteance of balance. With regard to (1), obviously the legs carry in a cyclical progression the weight of the body and it has been shown elsewhere that the forces transmitted by muscles, lgaments and joints exceed body weight (Paul 1966 , 1967a , b, Morrison 1968 . With regard to (2), the exteral resistance to level walking on a windless day is very small, yet obviously internal work is being performed. BResler & Berry (1951) report tpfts on a limited range of subjects to deterine the work done at each leg joint. Their diagrams show the external work done at each joint separately and because of this may give an unreal picture where two joint muscles are involved. In such conditions it is possible that there may be an energy output at one joint and an input at the adjacent joint so that no external work need be done by the muscle although it is transmitting force. The external work measureable at the junctions of leg segments is not, however, the only process absorbing energy. There is an energy cost in exerting force isometrically in the maaner of the abductors -of the hip during walking and this is an addition to the overall energy cost. This 'structural' energy cost is not considered in zwchanical assessments of body work output such as those by Ralston & Lukin (1969) and Bresler & Berry (1951) . If from anatomical measurement of the test subjects reasonable values are taken for the position of the lines of action of the relevant muscular and ligamentous structure as reported by Paul and Morrison, the variation of the forces transmitted at the joints can be obtained. The diagrams show a general increase of muscular activity with stride length and body weight. If the°0 maxima are averaged and their variation with experimental quantities considered, a reasonable relationship is found between these average joint forces and the product WL/H as shown in Figs 3 and 4 where W, L and H are respectively body Factor (3) above, the maintenance of balance, pertains to the overall behaviour of the body control system. The response characteristics of this system determine the manner and the cost of maintenance of balance. These response characteristics will largely determine also the efficiency of utilization of the available musculature in respect of minimization of the extent of periods of antagonistic muscle activity.
It is submitted that the overall pattern of gait adopted.%will be,cenditioned by-Ahe threeZeectors noted'&iter-acting with each other in a complex fashion.
A general picture of the combined effect of factors (1) and (2) may be obtained by consideration of the values of the turning moments transmitted between body segments since these are generally resisted by tension in muscle or muscular connexions. Because of the large number of factors involved in testing a range of subjects it would be thought to be difficult to correlate these results. Dean (1965) and Grieve & Gear (1966) have shown, however, that stride length L, subject height H, and cadence f can be related by the equation weight, stride kngth and height. Again approximately linear rltionships are found between the quantities with the klee-joint force being generally smaller than the hip-joint force for any test.
The overall general conclusion is that for normal subjects the loading of body components and the amount of muscular effort requird corresponds to the body weight and stride length ofthe individual.
MrMARFreetan (Imperial College ofScience and Technology, andLondon Hospital, London)
Load Carriage and Lbiction in Articular
Catage: Occupaoasi Impiatons
Although not universally accepted, it is generally felt that primary osteoarthrosis originates as a disturbance of articular cartilage (Collins 1949) . Articular cartilage has two functional properties, load carriage and lubrication. It seems reasonable to postulate, therefore, that one or other of these properties must fail prior to the onset of the disease. A demonstration that one or other property was disturbed would have implications for occupational health since a reduction in load carriage or a reduction in movement might be indicated as a preventive measure.
Load carriage has been studied by several workers in the past (Biir 1926 , Hirsch 1944 , Elmore et al. 1963 . Freeman et al. (1968) have studied the indentation stiffness of the cartilage covering the human femoral head and have -demonstrated that the cartilage becomes softer than normal in association with the development offibriltion and ulceration. Visually normal cartilage of femoral heads displaying t chans can be shown to be softer than normal. This increased softness has been shown to be associated with mucopolysaccharide depletion (Swanson et al. 1969) . It thus would appear that a disturbance of load carriage occurs at the outset of the osteoarthrosic process. Dowson et al. (1968) have studied the frictional properties of normal and osteoarthrosic human cartilage. No gross difference in the coefficient of friction was demonstrated as between nornmal and somewhat fibrillated cartilage. Little, Freema & Swanson (1969, unpublished) have examined the frictional properties of the human cadaver hip using a Stanton pendulum in specimens over the age range 20-70 years; no increase in friction was demonstrated with increasing age; none of the specimens studied was osteoarthrosic. From these observations it would seem possible that no material change in lubrication occurs early in osteoarthrosis.
Thus, osteoarthrosis would appear to be due to a disturbance of load carriage, not a disturbance of lubrication.
The cause of mucopolysaccharide depltion in this disease is uncertain, but it is conceivable that a nutritional defect may be involved. Maroudas et al. (1968) have shown that the diffusion of nutrients into articular cartilage is dependent upon stirring the fluid adjacent to the cartilage and that in the presence of active stirring diffusion would be capable of producing an adequate supply of glucose to cartilage to a maximum depth of about 3 mm from its surface. Since adult articular cartilage depends entirely upon transsynovial diffusion for its supply of nutrients, this implies that cartilage at about 3 mm from the synovial surface may be prejudiced nutritionally in the absence of stirring. The only nxmchanism providing stirring in life is movenwnt of the joint in question. Thus lack of movement may prejudice articular cartilage nutritionally and this in turn might conceivably lead to mucopolysaccharide depletion. Since no gross defect in lubrication has been demonstrated in pre-osteoarthrosic joints there seems to be no reason to avoid movement in this condition and every reason to promote it from the nutritional standpoint.
It would thus seem that occupations should be designed to promote joint movement whilst reducing load carriage, in the hope that such a regime would diminish the eventual incidence of osteoarthrosic changes.
